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Fuel Fabrication Process
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• Process derived from Argonne 
National Laboratory document:

Walter, C.M., G.H. Golden, N.J. Olson, 
“U-Pu-Zr Metal Alloy: A Potential Fuel 
for LMFBR’s”, ANL-76-28, Nov. 1975.
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Figure 1. Fuel Subassembly Process from Argonne 1975



Fuel Fabrication Process
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• Simple Flowsheet (Metal Receipt through Fuel Subassembly)
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Figure 2. Simple Flowsheet of Fuel Subassembly Process



Fuel Fabrication Process
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• Detailed Flowsheet: Nonnuclear Processes
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Figure 3. Detailed Flowsheet of Nonnuclear Steps of Fuel Subassembly Process 



Fuel Fabrication Process
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• Detailed Flowsheet: Metal Receipt & Preparation
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Figure 4. Detailed Flowsheet of Phase 1: Metal Receipt & Preparation



Fuel Fabrication Process
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• Detailed Flowsheet: Alloy Billet Fabrication
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Figure 5. Detailed Flowsheet of Phase 2: Preparation of Homogeneous Alloy Billets



Fuel Fabrication Process
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• Detailed Flowsheet: Fuel Pin Fabrication
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Figure 6. Detailed Flowsheet of Phase 3: Fuel Pin Fabrication



Fuel Fabrication Process
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• Detailed Flowsheet: Fuel Assembly Fabrication
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Figure 7. Detailed Flowsheet of Phase 4: Fuel Assembly Preparation
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Excel Model & Analysis
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FFF Excel Model: (1) GUI Interface
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Figure 8. Detailed Flowsheet as shown in FFF Excel Model GUI Interface



FFF Excel Model: (1) GUI Interface
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Figure 9. GUI Interface Image #1



FFF Excel Model: (1) GUI Interface
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Figure 10. GUI Interface Image #2



FFF Excel Model: (1) GUI Interface
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Figure 11. GUI Interface Image #3



FFF Excel Model: (1) GUI Interface
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Figure 13. Test Case Specification Input in GUI Interface

Figure 12. Process Status Table in GUI Interface
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Figure 14. Full View of Fuel Production Model



FFF Excel Model: (2) Fuel Production Model
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• Operational & Staffing Statistics

Figure 15. Operational & Staffing Statistics Cell Block in Fuel Production Model



FFF Excel Model: (2) Fuel Production Model
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Cell Description Value
A1 Shifts Number of shifts per production day User Chosen: 1
A2 Staff Shift Hours Number of hours in a shift for staff User Chosen: 10

A3 Staff Production %
Percentage of staff’s time available for production. Accounts for the 
average time spent in training, meetings, and other non-production 
tasks.

User Chosen: 50%

A4 Daily Production Hours per 
Staff

Number of hours available per staff to perform production work 𝐴𝐴𝐴 ∗ 𝐴𝐴𝐴

A5 Facility Reliability
Percentage of product ion hours that the facility is operational. 
Accounts for fire drills, audits, and any other activity that will stop 
production.

User Calculated: 
82.4%

A6 Production Days per Week Number of production days each week User Chosen: 4

A7 Holidays
Number of holidays each year for Los Alamos employees excluding 
winter closure

Defined: 12

A8 Annual Production Days
Number of production days for Los Alamos employees accounting for 
winter closure

𝐴𝐴𝐴
𝐴1 ∗ 𝐴𝐴𝐴 − 𝐴𝐴𝐴

A9 Annual Production Weeks Number of weeks each year that the facility is operational
𝐴𝐴𝐴
𝐴𝐴𝐴

A10 Repair Staffing
Percentage of the time staff are present to repair equipment down due 
to reliability

User Chosen: 50%

• Operational & Staffing Statistics

Table 1. Operational & Staffing Statistics Cell Block Descriptions
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• Production Input and Result Cells

Figure 16. Production Input and Result Cells in Fuel Production Model
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• Production Input and Result Cells

Cell Description Value
B1 Rods per S/A Total number of fuel rods that make up a subassembly Defined: 217
B2 U-Pu-Zr Alloy per Rod (g) Total mass of alloy per fuel rod Defined: 215.4

B3 Final Batch Size (kg per S/A) Total mass of alloy per subassembly 𝐵𝐵1 ∗
𝐵𝐵𝐴
1000

B4 Annual S/A Requirement Total annual production of subassemblies needed User Defined

B5 Annual Production Requirement (kg 
alloy)

Total annual production of U-Pu-Zr needed
User Defined
or       𝐵𝐵𝐴 ∗ 𝐵𝐵𝐵

B6 Pu Mass Fraction in Alloy (wt%) The weight percent of Pu in the alloy fuel User Defined

B7 Nuclear Material Assumption (% U-
235)

Uranium enrichment that maintains criticality given the Pu mass 
fraction (if desired) or
The assumed uranium enrichment for safety purposes

User Defined

B8 Criticality Limit (kg SNM)
The upper limit of special nuclear material (Pu-239 and U-235) 
that can be in a single glovebox or container while safely avoiding 
a criticality incident

Defined: 4.5

B9 Capacity Warning Level
Maximum allowable station capacity for each individual process 
step (C16)

User Chosen: 85%

B10 Total Required Staffing Average daily staffing requirement for the product ∑ 𝐶𝐶𝐴0′𝑠𝑠 𝑎𝑎𝑎𝑎𝑎𝑎 𝐷𝐷1𝐴′𝑠𝑠

B11 Maximum Annual Production (kg Pu)
Maximum mass of the product that can be manufactured annually 
given the current number of stations. Based on the station with 
the highest capacity (choke point).

𝐵𝐵𝐴
𝑀𝑀𝑎𝑎𝑀𝑀 𝐶𝐶1𝐴′𝑠𝑠

B12 Batch Production Time (Business 
days)

Number of operating days expected to complete the desired batch 
size. Assumes that each station already has feed material.

𝐴𝐴𝐴 ∗ 𝐵𝐵𝐴
𝐵𝐵11

B13 Product Line Startup (Business days) Time expected to fill the line with feed material. ∑𝐶𝐶10′𝑠𝑠

Table 2. Production Input and Result Cells Descriptions
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• Batch Process Step Block Cells

Figure 17. Batch Process Step Block Cells in Fuel Production Model
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• Batch Process Step Block Cells

Cell Description Value

C1 Stations Number of stations performing the process in parallel User Chosen
C2 Equipment Needed A description of the equipment needed for the process step Process Defined
C3 Number per Station Number of equipment or sets of equipment within a single station Determined by Equipment
C4 Total Required Total number of equipment or sets of equipment required 𝐶𝐶1 ∗ 𝐶𝐶𝐴

C5 Equipment Failure TTR 
(weeks/year) Average required “time to repair” (TTR) after an equipment failure Determined by Equipment

C6 Reliability Reliability for the equipment used by the process step. Does not include 
planned maintenance periods.

Determined by Equipment
or                1 − ⁄(𝐶𝐶𝐴 𝐴𝐴𝐴)

C7 Maintenance (weeks/year) Number of planned weeks per year the equipment is under maintenance Process Defined

C8 Feed per Batch (kg) Mass of feed material consumed per batch
Process Defined

or              
𝐵𝐵𝐵

0.9−𝐵𝐵𝐵 ∗𝐵𝐵𝐵+𝐵𝐵𝐵
C9 Batch Time (hours) Time required to process a batch Process Defined

C10 Batch Time (days) Time required to process a batch Process Defined
or               ⁄𝐶𝐶𝐴 𝐴𝐴1 ∗ 𝐴𝐴𝐵

C11 Yield Percentage of feed material that moves on to the next process Process Defined

C12 Batches per Week Total number of batches that can be performed each week per station 𝐴𝐴𝐴
𝐶𝐶10

C13 Station Operational Weeks 
per Year

Number of weeks annually that the equipment is not out of service for 
planned maintenance or for repairs 𝐴𝐴𝐴 − 𝐶𝐶𝐴 ∗ 𝐶𝐶𝐴

C14 Annual Batches Produced Total number of batches per year that can be processed given the number of 
stations 𝐶𝐶1 ∗ 𝐶𝐶1𝐴 ∗ 𝐶𝐶1𝐴

C15 Annual Batches Required Required number of batches per year to meet the required annual production 𝐶𝐶𝐴1
𝐶𝐶𝐴

C16 Station Capacity The percentage of available process capacity used annually 𝐶𝐶1𝐴
𝐶𝐶1𝐵

C17 Staffing per Operation Number of staff required to operate the station Process Defined

C18 Staffing Rate Percentage of the time that staff must be present at the station during the 
process Process Defined

C19 Repair Staffing Number of staff required when process is down due to reliability Process Defined

C20 Total Staffing Number of staff required to meet the daily production hour need
𝐶𝐶1 ∗

𝐶𝐶1𝐴
𝐴𝐴𝐴

∗ �𝐶𝐶1𝐴 ∗ 𝐶𝐶1𝐴 + 𝐶𝐶1𝐴 ∗ 𝐴𝐴10

C21 Feed Stock Needed (kg) Total mass of starting material required by the process to meet the Annual 
Production Requirement (𝐵𝐵𝐴)

𝐶𝐶𝐴𝐴
𝐶𝐶11

C22 Annual Waste (kg) Mass of material wasted by the process annually 𝐶𝐶𝐴𝐴 − 𝐶𝐶𝐴1

C23 Annual Production (kg) Total mass of material required by the next process to meet the Annual 
Production Requirement (𝐵𝐵𝐴)

Equal to the Feed Stock Needed 
(𝐶𝐶𝐴1) by the next process

Table 3. Batch Process Step Block Cells Descriptions



FFF Excel Model: Running the Model (Single Test Case)
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1. In the GUI, assure that all the interactive decision options are set 
and align with a given test case. (At this point, the user specifies 
both whether Los Alamos is supplying metal or alloy and the level 
of possible purification of any incoming plutonium.)

2. Open the Fuel Production Model worksheet and assign a value to 
either the Annual S/A Requirement (B4) or the Annual Production 
Requirement (B5).

3. Ensure that the Pu Mass Fraction in Alloy (B6), Nuclear Material 
Assumption (B7), and the Capacity Warning Level (B9) are set to 
the desired percentages.

4. Run the model by pressing the interactive “Run Current Test Case” 
button in the GUI.
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FFF Excel Model: Running the Model (Mult. Test Cases)
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1. In the GUI, specify the following combinations to analyze:
1. Test cases
2. Production quantities
3. Fuel component combos: Pu wt% & U-enrichment

1. Run the model by pressing the interactive “Run All Test Cases” 
button.
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Figure 18. Test Case Specification Input in GUI Interface



FFF Excel Model: Running the Model
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• Station Capacity vs. # of Stations
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Capacity < Warning Level

Warning Level < Capacity < 100%

Capacity > 100%

Figure 19. Station Capacity Example Table #1



FFF Excel Model: Running the Model
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• Station Capacity vs. # of Stations
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Capacity < Warning Level

Warning Level < Capacity < 100%

Capacity > 100%

Figure 20. Station Capacity Example Table #2
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November 2020Los Alamos National Laboratory

• Station Capacity vs. # of Stations
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Capacity < Warning Level

Warning Level < Capacity < 100%

Capacity > 100%

Figure 21. Station Capacity Example Table #3
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• Station Capacity vs. # of Stations
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Capacity < Warning Level

Warning Level < Capacity < 100%

Capacity > 100%

Figure 22. Station Capacity Example Table #4
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• Station Capacity vs. # of Stations
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Capacity < Warning Level

Warning Level < Capacity < 100%

Capacity > 100%

Figure 23. Station Capacity Example Table #5
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• Station Capacity vs. # of Stations
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Capacity < Warning Level

Warning Level < Capacity < 100%

Capacity > 100%

Figure 24. Station Capacity Example Table #6
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• Equipment and Chloride Results where:
– Production Requirement = 2,500 kg(alloy)/y

– Pu Mass Fraction = 20 wt% Pu
– Uranium Enrichment = 5% U-235
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– Pu Mass Fraction = 13 wt% Pu
– Uranium Enrichment = 20% U-235

Table 4. FFF Excel Model Test Case Descriptions

Table 5. FFF Excel Model Test Case Results for 20 wt% Pu Table 6. FFF Excel Model Test Case Results for 13 wt% Pu



FFF Excel Model: Station/Equipment Results
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• Station Equipment Results by Annual 
Production Requirement where:

– Pu Mass Fraction = 20 wt% Pu
– Uranium Enrichment = 5% U-235

33

– Pu Mass Fraction = 13 wt% Pu
– Uranium Enrichment = 20% U-235

Table 4. FFF Excel Model Test Case Descriptions

Figure 25. Graphical Test Case Results for 20 wt% Pu Figure 26. Graphical Test Case Results for 13 wt% Pu



FFF Excel Model: Station/Equipment Results
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• Annual Chloride Recovery Input by 
Test Case where:

– Pu Mass Fraction = 20 wt% Pu
– Uranium Enrichment = 5% U-235
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– Pu Mass Fraction = 13 wt% Pu
– Uranium Enrichment = 20% U-235

Table 4. FFF Excel Model Test Case Descriptions

Figure 27. Chloride Recovery Results for 20 wt% Pu Figure 28. Chloride Recovery Results for 13 wt% Pu



Analysis of
PF-4 Pu Supply Model

in ExtendSim
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Analysis of PF-4 Pu Supply Model in ExtendSimTM
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• Deterministic ExtendSimTM models were created to compare to the 
PF-4 Pu Supply Model in Excel:

– Verification of Station/Equipment Results
– Throughput Analysis on Annual Production (kg Pu)

• They take into account the same modeling aspects as the 
deterministic Excel one:

– Facility Operational Statistics (not Staffing, but could however)
– Individual Batch Process Step Info (e.g., # of stations, equipment reliability, 

shutdown, scheduled maintenance…)
– Waste Stream Management

36



Analysis of PF-4 Pu Supply Model in ExtendSim

November 2020Los Alamos National Laboratory 37

Figure 29. Full View of PF-4 Supply Model in ExtendSim



Analysis of PF-4 Pu Supply Model in ExtendSim
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• Verification of Station/Equipment 
Results

• Throughput Analysis on Annual 
Production (kg Pu)
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Table 7. Verification Results from ExtendSim

Figure 30. Throughput Results for 100 Model Runs Figure 31. Throughput Histogram for 100 Model Runs
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Conclusions & Future Work
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• Initial models of the fuel fabrication process have been constructed in 
Excel and ExtendSim

• The assumed flowsheet is likely in need of update based on current 
process knowledge

• Likewise process times were estimated based on available literature 
and assumed equivalent processes at Los Alamos

• Staffing requirements, including aspects of dose management, are 
not included

40
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